climate change, resilience building and vulnerability reduction are emerging issues in spatial development and spatial planning in germany, the european Union and globally. this paper introduces different concepts of and views on adaptation, vulnerability and resilience and outlines their implications for spatial planning in the context of a changing climate. On the basis of a conceptual discussion of key terms, the authors underscore the importance of assessing vulnerability as baseline information for the promotion of resilience and the enhancing of adaptation. the challenges of identifying and assessing vulnerability are illustrated through a case study of local flood vulnerability in cologne with a specific focus on the vulnerability of different population groups as well as critical infrastructures. the respective key elements and phases of such assessments are identified. new challenges with regard to systemic risks are addressed and recommendations for improved linkages between spatial planning and civil protection formulated. the final part of the paper evaluates the upcoming challenges for adaptive planning in the context of climate change adaptation, for example regarding scenario development and its application.
Schlüsselwörter resilienz · Vulnerabilität · anpassung · governance · Kritische infrastrukturen 1 Introduction five years after the World conference on Disaster reduction in Kobe, Japan, and in the light of the ongoing negotiations on a post-Kyoto protocol, vulnerability and adaptation to climate change are increasingly being discussed within the field of spatial and urban development in germany. also at the european and the global level spatial and urban planning are receiving more attention as important fields and tools for climate change adaptation, particularly regarding mega-urban, urban and peri-urban areas (see ec 2007a; ec 2009; iPcc 2012a) .
at the global level, for example, the role of urban areas and spatial planning for climate change adaptation is being increasingly recognised in the intergovernmental Panel on climate change (iPcc), which, in its upcoming fifth assessment report, will include an individual chapter on "human settlements, infrastructure and spatial Planning" (see iPcc 2009). an in-depth discussion of international experiences in spatial planning with mitigation and adaptation strategies can also be found in Davoudi/crawford/Mehmood (2009) . in addition, climate change adaptation is seen as a major issue in the light of territorial cohesion, where spatial planning plays an important role. in this context, the nexus between spatial planning and climate change adaptation has been stressed in the green Paper (ec 2007a) and White Paper of the european commission (ec 2009). Both documents underscore the importance of spatial planning for adaptive strategies at the regional level. the green Paper stressed:"at the regional level, spatial planning is important for adapting to climate change, while at local level efforts should focus on practical land use and land management techniques and on raising awareness" (ec 2007b) .
at the national level, the "german adaptation strategy" published by the federal government (Bundesregierung 2008) emphasised the fact that spatial planning has an important role to play in adaptation to climate change as it is, like civil protection, a cross cutting area. this strategy paper highlighted that spatial planning plays a pioneering role in developing guiding visions (Leitbilder) of an adaptive and resilient spatial structure, one that enhances societal capacities to deal with climate and non-climatic stressors through the strengthening of robustness and flexibility (Bundesregierung 2008: 42) . interestingly, both characteristics, robustness and flexibility, are seen as essential to enhancing spatial resilience (see e.g. Dosch/Porsche 2008; Birkmann/fleischhauer 2009). additionally, a survey by the expert group on climate change and spatial Planning of the academy for spatial research and Planning (arl) (conducted with regional planning agencies in germany) revealed that particular challenges for regional planners in terms of climate change are linked to extreme events. these include floods, heat waves and storms, all of which will change as a result of the influence of climate change. compared to this, the protection of infrastructures or the challenge of shaping a resource efficient settlement development are seen as important, but less pressing than ensuring protection against extreme weather events (see Overbeck/sommerfeldt/Köhler et al. 2009 ).
More recently, the discussion on climate change adaptation has also been advanced through research projects and applied projects initiated in the context of the programmes: "spatial development strategies for climate change" 1 and "Urban strategies on climate change" 2 as well as larger projects in the BMBf-programmes "klimazwei"(research for climate protection and protection from climate impacts) 3 , "KliMZUg" (climate change in regions) 4 and "KliMa-PaKt" (adaptation to climate change through spatial planning), funded by the leibniz association. 5 these projects deal with a broad range of topics, especially the identification of potential climate change impacts on the selected regions and cities as well as the discussion of response options. such projects are an important trigger for a broader discussion on climate change adaptation in spatial development and planning at state, regional and local level. however, most of the results are still linked to specific thematic areas which focus on the individual context of the respective project based case study. hence, it is still difficult to evaluate the net effect of these projects; the extent to which new guidelines might emerge to enhance the capacity of spatial planning to promote climate change adaptation and risk reduction. Most of the current results are linked heavily to specific regions and are based on the additional funding and expertise these projects offered. thus, it remains to be seen how far these innovative projects can contribute to new standards for climate change adaptation through spatial planning for all regions and planning agencies in germany. nevertheless, these projects have already advanced the climate change discourse.
referring to these discussions, two major phases of the discourse can be differentiated. Whereas the first phase of the climate change discourse was focused predominantly on 1 Modellvorhaben der raumentwicklung (MOrO), raumentwicklungsstrategien zum Klimawandel; see http://www.klimamoro.de (accessed 12.04.2012 physical climate change and its direct impacts on different regions and cities, the second phase puts more emphasis on the question as to how to adapt planning strategies and tools to better account for climate change adaptation. for example, topics such as "resilient spatial planning" and "climate proofing" or the enhancement of strategic environmental assessment are being discussed by researchers and practitioners (see e.g. Birkmann/fleischhauer 2009; greiving 2011: 26) . however, some practitioners argue that spatial planning does not need new tools. rather, the application of existing tools needs to be strengthened. hence, there is no consensus on the degree to which new standards and further tools are needed to enhance the capacity of spatial planning to build resilience and promote climate change adaptation.
against this background, the paper provides a detailed study of new tools and methods, such as vulnerability assessments for critical infrastructures, different city areas and people exposed to natural hazards, particularly floods. While on the one hand city areas and people can be affected by flooding due to direct exposure, there is also the possibility that citizens in flood prone areas can be highly affected by the indirect effects of floods, such as the shortfall or even break down of infrastructure services, such as electricity networks. to maintain the functioning of critical infrastructures in times of adverse events, these systems have to be planned accordingly. Based on the case study of the city of cologne, germany, the different direct and indirect effects of flooding are illustrated by focusing in particular on the vulnerability of people and critical infrastructures. in doing so, the authors emphasise that spatial planning needs to consider the various aspects of vulnerability, particularly exposure, susceptibility and societal response capacities.
in contrast to the notion that adaptation in spatial planning requires first and foremost the adjustment of physical structures, we argue that planning procedures, methods and information sources need to be enhanced in order to promote adaptive urban governance. hence, the assessments presented highlight a paradigm shift from hazard identification (e.g. flood hazard maps) to the assessment of the variety of vulnerabilities as a starting point. consequently, the paradigm shift and the methods presented are important pillars of adaptive spatial governance. in this context, the paper deals particularly with the following four key questions:
• how are core concepts-particularly adaptation, vulnerability and resilience-defined and conceptualized by different schools of thought? • how can vulnerability, risk and adaptation be framed and operationalised for practical assessments at the local and provincial level of flood affected areas? • Which indicators, criteria and data sources can be used to assess core components of vulnerability, particularly exposure, susceptibility and response capacities (e.g. coping capacities) at the local level in germany? • how can these assessments and methodologies serve as tools for adaptive spatial governance?
2 Revisiting: Adaptation, Vulnerability, and Resilience
Many planning strategies and formal planning documents still focus primarily on the physical changes brought about by climate change (e.g. changes in precipitation and temperature). it is, however, crucial to emphasise that risks due to climate change are a result of physical changes on the one hand, and socio-economic and spatial structures and development patterns on the other (iPcc 2012b). in this regard this paper stresses that risks and adaptation needs are socially constructed. this does not mean that climate change is not real or a physical phenomenon. however the risks linked to climate change and the requirement for spatial planning to deal with adaptation are determined by the vulnerability and resilience of the exposed system to climatic stress. if people or systems (e.g. infrastructure, land use and production systems) in a specific region are not vulnerable, there would be no need to consider adaptation. Many regions are, however, vulnerable to climate change and therefore the complexity of climate change risks and adaptation processes has to be considered if sustainable spatial development is to be achieved. spatial planning is one of the cross cutting areas that can help to harmonise various sectoral adaptation strategies (e.g. agriculture versus water management). in this regard, adaptation strategies aim to reduce vulnerability and to increase resilience. nevertheless, the terms adaptation, vulnerability and resilience are not precisely defined, but interpreted in different ways. for this reason they are revisited in the following section.
Different Views on adaptation
although spatial planning has a certain history in utilising complex terms as guiding principles and visions (e.g. "sustainable spatial development"), it is worth noting that "adaptation to climate change" is a contested term. in its fourth assessment report, the intergovernmental Panel on climate change defined adaptation as "adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects which moderate harm or exploits beneficial opportunities" (iPcc 2007: 869). smith/Bhatti/ Menzhulin et al. (1996: vii) extended upon this definition by adding that "adaptation to climate change includes all adjustments in behaviour or economic structure that reduce the vulnerability of society to changes in the climate system".
While the definitions shown above are not right or wrong, they tend to suggest that human systems mainly adapt through adjustments in direct response to actual or expected climatic stimuli. this is a rather mechanistic understanding of adaptation. in particular, the view that environmental change is a major pre-condition for respective adjustments is questionable. in reality adaptation processes are heavily influenced by perceptions, different cultural contexts and normative systems as well as governance processes. thus a rather simple understanding of adaptation as a linear response to environmental change is inadequate, at least for complex human-environmental systems such as cities or regions.
at least two major schools of thought on adaptation to climate change can be differentiated. smit and Wandel (2006: 283) distinguish between a natural science and a social science perspective and emphasise that "in natural science adaptation is often viewed as the development of genetic or behavioural characteristics which enable organisms or systems to cope with environmental changes in order to reproduce and survive".in contrast, social science approaches: "examine adaptation often with regard to cultural practices allowing societies to survive in the light of climate induced changes. Within these approaches, behavioural and technological innovations are considered and discussed" (smit/Wandel 2006: 283).
Overall, spatial planning strategies for climate change adaptation have to be sensitive to the different definitions and views actors have of adaptation and the potential consequences of using one of these as an entry point for the definition of tools and measures.
Vulnerability
in contrast to a purely hazard oriented risk management focus, academic discussions in recent decades have shown that (potential) damages due to extreme events do not solely depend on the hazard or climate stimuli as such (see liverman 1990; Blaikie/cannon/Davis et al. 1996; UnisDr 2004; cannon 2006; Birkmann 2006a; UnisDr 2009 ). rather vulnerabilities in society, its infrastructure and land use system play a key role, influencing the actual harm and damage, or damage potential. consequently, vulnerability and risks are socially constructed. in a broader sense, vulnerability in this context is understood as the internal preconditions in a society or a social-ecological system that influence the potential to experience harm as a result of a given hazard (thywissen 2006: 477 ff.). compared to vulnerability, risk-in the disaster risk research community -can be understood as the product of the interaction of a given hazard and a vulnerable societal system that is exposed to this hazard (see e.g. UnisDr 2004). Definitions of risk often also encompass the probability of hazard occurrence. however, for some hazards in the context of climate change such as sea level rise the probability concept cannot be applied. in general, effective risk reduction and risk management strategies require an improved understanding of the vulnerabilities of communities at risk.
in contrast to approaches that mainly associate risk with the occurrence of a natural phenomena or hazard event, vulnerability and resilience research highlight that the impact of a hazard event is strongly shaped by the human action and by the internal conditions of social systems as well as their coping and adaptive capacities (hewitt 1983; Oliver-smith 1999; Wisner/Blaikie/cannon et al. 2004; Müller-Mahn 2005; Birkmann 2006a ). While in the 1980s and 1990s this discussion was mainly informed by researchers working in the field of disaster risk reduction and development research, the discussion today also involves the climate change community. Most notably, the report sreX from the intergovernmental Panel on climate change (iPcc 2012a) addresses new challenges of dealing with extreme weather events through the lens of vulnerability and risk. an in-depth discussion of different definitions of vulnerability and the relevance for spatial planning can be found in Birkmann (2006a) and Birkmann (2008) and also in a more recent review of applied vulnerability concepts in regional planning (BMVBs 2011).
While Birkmann (2008) provides an overview of different schools of thought, BMVBs (2011) summarises the application of vulnerability assessments within selected regions in germany. the review of BMVBs (2011) also highlights that in some cases vulnerability has been understood in terms of impact assessments, while other approaches, for example in the region of stuttgart, have clearly applied an analysis which focuses on the three core components of vulnerability: exposure, susceptibility or sensitivity and societal capacities (in terms of coping and/or adaptation). Due to the intensive discussion of different vulnerability concepts by the research mentioned above, this paper makes reference to the definitions used, rather than repeating the detailed arguments.
resilience
the term resilience emerged largely within two areas: the ecology and stability research undertaken particularly by holling (e.g. holling 1973) and research in the field of psychology which examined the question as to why some people are better able to cope with major traumata than others (see e.g. garmezy /Masten/tellegen 1984; rutter 1985; Werner 1992; luthar/cicchetti 2000; Masten/Powell 2003) . While ecological resilience research developed further to focus on coupled social-ecological systems (see e.g. Berkes/col-ding/folke 2003), the psychological resilience research still focuses primarily on the internal attributes of the individual, such as confidence, trust, sense of community. interestingly, recent work on psychological resilience has increasingly moved towards a multilevel perspective, one including a concern for the role of the family and community.
today the debate on resilience is heavily influenced by the resilience alliance 6 , which focuses on so-called coupled social-ecological systems. the underlying hypothesis is that social and environmental systems are not separate entities or regimes, but are instead characterized by close inter-dependencies (see for example Berkes/colding/folke 2003) . social and ecological systems are interwoven and often connected within one regulative regime, e.g. in terms of material as well as non-material flows and interactions (see in detail e.g. Walker/holling/carpenter et al. 2004 ). however, whether these systems really operate with similar regimes and how coupling processes and resilience building can be assessed are ongoing subjects of debate in resilience research. resilience theory stresses, for example, that 'adaptive cycles' and the 'panarchy' model 7 can be used to describe and explain reorganisation processes within social-ecological systems. Whether in this context resilience is linked to the notion of resistance and stability or whether it implies fundamental changes and reorganization processes in the light of crises remains contested.
Overall, resilience has become a popular concept to describe and analyse crises and dynamics of and within social-ecological systems, focusing particularly on the interplay between robustness or stability, disturbances and reorganisation processes. the resilience concept has chan-6 see http://www.resalliance.org (accessed 12.04.2012). 7 the adaptive cycles of individual systems are nested in a hierarchy across time and space. for example the ecosystem of a small lake (one individual system) is linked to larger group of lakes and river systems (with different spatial and temporal processes). these nested hierarchies between individual systems of adaptive cycles might have a stabilising effect due to their capacity to provide memory of the past and elements of the system that are distant. this can encourage recovery after disturbances occur in one specific system. the nested hierarchies and dependencies between different systems might also have a destabilising effect when dynamics across scales lead to a further positive feedback process, allowing small-scale transformations to occur and explode into large-scale crises. taken together, these nested hierarchies between individual systems of adaptive cycles and the processes across time and space constitute the theoretical concept of "panarchy" (see holling/gunderson 2002: 25 ff.). ged significantly as it has been taken up by different schools of thought, as folke (2006: 259) outlines (see table 1 ).
in the light of climate change adaptation and the needs of spatial planning, the translation and application of the concept of resilience remains a challenge. While resilience can be interpreted as robustness (e.g. Dosch/Porsche 2008; Birkmann/fleischhauer 2009), it is also argued that resilience requires flexible structures that can also be modified in response to the ongoing process of climate change and adaptation (e.g. Birkmann 2011). therefore, it is important to acknowledge that as a term and concept resilience has evolved: from a primary concern for environmental issues towards a broader concept that focuses on adaptive capacity, transformability and learning processes. hence, an understanding of resilience as robustness fails to acknowledge this broader debate. an overview of additional key terms in the context of climate change and spatial planning and their different definitions can be found in a new glossary developed by a working group of the academy of spatial Planning (see Birkmann/Böhm/Buchholz et al. 2011) .
from this discussion of key terms the next section introduces a conceptual approach to examining vulnerability which is an important pre-requisite for increasing resilience. this approach will then be illustrated with reference to the vulnerability of people and critical infrastructure to floods in cologne.
A Concept to Assess Vulnerability
Vulnerability approaches have been greatly influenced by the literatures on poverty, natural hazard research and development studies (see Wisner/Blaikie/cannon et al. 2004; turner/Kasperson/Matson et al. 2003; Birkmann 2006a) . One of the most prominent examples is the sustainable livelihood framework (DfiD 1999), which places emphasis on the acquisition, substitution and usage of different types of assets that an individual or household has for pursuing livelihood strategies. further key influences on the debate on risk and vulnerability reduction include work in development research, where issues of poverty and entitlements play a key role (see e.g. Bohle 2001) , research on general system theory and risk studies (see e.g. cardona 1992; Birkmann 2006a) and approaches that focus on human-environ- detail Birkmann 2006b: 34) has its roots in the development of a holistic approach to vulnerability assessment linked to a system-science perspective, e.g. linked to the concept of a feedback loop system and the theory of cybernetics (see e.g. cardona 1999; cardona 2001; Bogardi/ Birkmann 2004) . at its core, the concept differentiates key factors of vulnerability (exposure, susceptibility and coping capacity) and reveals different thematic dimensions of vulnerability, such as social, economic and environmental vulnerability. Both the assessment of the vulnerability of different social groups as well as of critical infrastructures refer to the social dimension, since the focus is primarily on the consequences of critical infrastructure breakdowns for people and not on the economic costs of such events.
in terms of the key factors of vulnerability, it is important to note that exposure is a contested area. in the conceptualisation of vulnerability, exposure describes the extent to which a unit of assessment falls within the geographical range of a hazard event. exposure extends to fixed physical attributes of social systems (infrastructure) but also human systems (livelihoods, economies, cultures) that are spatially bound to specific resources and practices that may also be exposed. if a system or object is exposed, it does not necessarily mean that the system is vulnerable, since it might have a very low level of susceptibility and a high level of coping or adaptive capacity. hence, susceptibility describes the predisposition of elements at risk (social and ecological) to suffer harm. the third factor that determines vulnerability is the response capacity of the community or system exposed, here expressed as coping capacities and capacities that allow for vulnerability reduction; that can be activated before and after disasters have occurred. the interventions, which aim to reduce vulnerability, are linked to the more recent term of adaptation. this means that while coping encompasses immediate response actions during a crisis or hazard event, adaptation is mainly linked to the response capacities to reduce vulnerability and hazard intensities in the medium and long run. thus adaptation, in contrast to coping, implies a longer timeframe and a notion of planned, strategic, target-oriented and coordinated action. though conceptually appealing, a clear-cut differentiation between coping and adaptation is often hard to achieve. the application of the concept to the case studies in this paper focuses primarily on selected indicators to assess exposure, susceptibility and coping capacities and also, in part, adaptive capacities.
Tools for Resilience Building: Vulnerability Assessment of People Exposed to Floods-Cologne Case Study
at present flood risks are mainly addressed in spatial planning through the designation of flood prone areas. 8 to determine these designated flood prone areas, spatial planning at the regional scale draws primarily on the hQ-100 flood events (representing a flood that statistically occurs once every 100 years). areas are marked which could be inundated by an hQ-100 flood event. these are often areas between dyke systems. the recent eU flood Directive on the assessment and management of flood risks 9 further emphasises that such flood hazard maps should encompass different flood scenarios: scenarios with low (extreme event), medium (likely return period ≥ 100 years) and high probability. although it is clearly an improvement to move from a more static understanding of hazard maps towards the consideration of different flood scenarios, the lack of consideration of vulnerability and its dynamics remains a problem. against this background, this section introduces a flood vulnerability assessment that examines flood exposure, as well as susceptibility and the coping capacity of people and urban areas exposed. the methods and indicators proposed were developed in a research project funded by the german federal Office for Disaster Prevention (BBK) that dealt with the assessment of vulnerability to flooding at the local level. One of the case study areas was the city of cologne, whose municipal authorities provided data which was then supplemented by household-surveys and expert interviews conducted by the project researchers.
On the basis of the concepts introduced, a range of key dimensions of vulnerability need to be considered to achieve an integrated approach; addressing the exposure of people, as well as susceptibility and coping capacity. in order to measure these factors and to identify differences between various districts within cologne, indicators are used that represent and quantify aspects of the exposure, susceptibility and coping capacity of people. the results of this assessment provide a preliminary insight and overview of key vulnerability characteristics in flood prone areas. this assessment may be useful in prioritising flood mitigation and vulnerability reduction measures applied by different stakeholders, civil protection or spatial and urban planning services.
the hQ-100 scenario and its spatial coverage were used as a basic information to assess the exposure of people to floods in urban areas in cologne (see fig. 1 ). in germany, the obligation to designate hQ-100 areas is defined in the act to improve Preventive flood control. 10 gis data from local agencies was integrated with address data to generate an overview of the number of people (per district) that would be affected in case of such a flood event (assuming a failure of preventive measures). exposure values across city districts in cologne ranges from no people exposed (grey) to the exposure of more than 3500 people per district (dark red).
although spatial and urban planners have a limited capacity to influence existing urban areas, it is evident that the exposure indicator could be helpful. in particular, it might support decision making on managing land use for preventive flood protection by complementing the purely physical information on flood prone areas. furthermore, the increase of human exposure behind dyke systems should be a concern addressed by spatial planning strategies in the medium and long term. indeed, instruments of the special Urban Planning law (Besonderes Städtebaurecht) in germany permit the consideration of patterns of exposure to flood risks in the context of urban renewal and urban reorgani-10 gesetz zur Verbesserung des vorbeugenden hochwasserschutzes. sation (see greiving 2011: 26). this is particularly relevant for 'shrinking cities' and urban areas experiencing structural change-urban areas that need to be re-shaped through urban and spatial planning. in this regard, cities, planners and developers can revisit the existing type and density of housing and business areas and buildings with regard to flood exposure and the amount of people likely to be exposed (see also hochwasserschutzzentrale Köln 2011). legislation related to spatial planning such as the eU flood Directive or the german federal spatial Planning act (Raumordnungsgesetz) aim not only to provide an assessment of flood hazards, but also to reduce flood risk and the vulnerability of the exposed areas and infrastructures.
in a second step, indicators to assess the susceptibility and coping capacities of people exposed to floods were identified and tested. Besides the use of official statistical data, information was also derived from household interviews and a micro-census conducted by the cologne municipal authorities.
the triangulation of different data sources allowed the indicators listed below to be derived (Birkmann/Krings/ Vollmer et al. 2011: 114) . since the susceptibility as well as the coping capacity of people cannot be measured directly, proxies were examined that enabled the identification of city areas and social groups that are likely to be more fragile during flood events. additionally, indicators to help identify capacities of people to deal with flood events and flood losses were also developed. the "key indicators", those that only require official statistical data, already provide an overview, while the complementary "locally specific indicators" require specific surveys. Key indicators represent important aspects of the susceptibility and coping capacity of people and at the same time strongly correlate with official statistical data. Overall, in the context of the project the following proxies and indicators were selected and tested: susceptibility:
• ability to evacuate without external help: key indicator, proxy: age-based household types (official statistics); • time people need to evacuate and move to safe places: key indicator, proxy: age-based household types (official statistics); • awareness of flood risks-peoples' estimation of their own flood risk: locally specific indicator (survey/census); • information about flood risk-flood risk information received/requested by people when they moved into their flat/house: locally specific indicator (survey/census).
coping capacity:
• Potential insurance coverage: key indicator, proxy: household income (official statistics); • flood experience: key indicator, proxy: duration of occupancy (official statistics); • actual insurance coverage: locally specific indicator (survey/census); • flood protection measures taken by the city and citizens:
locally specific indicator (survey/census).
the data regarding the awareness of flood risks, actual information about flood risks, actual flood insurance coverage and flood protection measures can be derived solely from a micro-census or household surveys. in contrast, the indicators "ability to evacuate", "time required to move to safe locations", "flood experience" and "potential flood insurance coverage" can be determined by statistical data using proxies (see Birkmann/Vollmer/Wolfertz 2010 or Birkmann/ Krings/Vollmer et al. 2011 for further details). the ability to evacuate strongly correlates with the age structure of different household types, which can be derived from official statistics. for example, households with people older than 60 years are more often unable to evacuate without external support than those households with people aged between six and 59 years old. the survey also shows that elderly people are more likely to only have access to a weak social support network, when compared to households of working age (Birkmann/Krings/Vollmer et al. 2011: 119) . consequently, the demographic change in general increases the vulnerability of people to floods, since elderly people are much more likely to require external help during floods, as was revealed through the detailed household surveys conducted in cologne and Dresden. in this regard, the indicators reveal urban districts with a higher amount of susceptible people with a stronger need for external support during crises. the proxies can thus support decision-making and planning processes through prioritising areas where flood protection and flood preparedness are most necessary (see also fig. 2) . although spatial and urban planning cannot directly influence the indicators selected to gauge susceptibility and coping capacity, the information about the areas where susceptible people are concentrated is crucial to spatial planning at the regional scale. the indicators for susceptibility and coping capacity provide an important bridge between spatial and urban planning and civil protection. Preventive strategies for vulnerability reduction and resilience building require a closer link between urban and spatial development and civil protection e.g. in terms of shelter planning or the security of critical infrastructures etc.
the question as to whether people are insured against damages caused by flooding is an important indicator for the coping capacities of different social groups and urban areas concerning the recovery potential in the aftermath of a flood. those major flood events that trigger sufficient media attention often result in the distribution of public funds to affected people. however, it should be noted that, as a result of climate change, an increase in small and medium flood events is likely. such floods may cause low damages but will occur more frequently. in this context the spatial distribution of flood insurance coverage between different city districts can provide important information about the potential economic coping capacity of an area and the respective households once such flood damages occur. in cologne, for example, the southern districts are populated by relatively wealthy people. although these areas are potentially more exposed to higher economic losses, at the same time most households have a significantly higher amount of flood insurance coverage in comparison to areas in the northern part of the city or the city centre. Being insured against flood losses in cologne correlates significantly to the income of a household (see fig. 3 11 ) . however, it is interesting to note that usually flood insurance is relatively cheap. therefore, it is very likely that the agents selling flood insurance mainly target wealthy areas, since they expect that households with a higher income might be more willing to pay for such additional protection-irrespective of the question as to whether poorer households would also be able to afford it.
although the above indicator has no direct link to spatial planning, it does, however, illustrate precisely that exposure alone is not sufficient to characterise vulnerability to floods or climate related hazards. furthermore, it underscores that the different vulnerability components described in the theoretical framework can be applied at the local and regional level.
an additional example of an indicator to assess coping capacity is the experience people have or potentially have with floods where they live. the time period that people have been living in cologne at their place of residence was used as a proxy since it strongly correlates with their expe-rience concerning flooding based on the household survey. People who have been living in the city since at least 1994 will have experienced the 1995 flooding and are, therefore, more likely to already have knowledge of coping processes. additionally, the results of the household survey showed that people who have been affected by floods have a higher degree of preparedness and are also less likely to suffer psychological illnesses as a result of flooding (Birkmann/ Krings/Vollmer et al. 2011: 124) . the indicators outlined above, which have been illustrated in diagrams or shown in maps, highlight areas and social groups that are most vulnerable or those groups that have lower coping capacities. in this context, the vulnerability assessment underscores that risks and vulnerability related to flooding are not a result of natural phenomena, but are rather determined by social conditions and processes.
the following section adds greater depth to the discussion on how to assess vulnerability within exposed areas using the case study of critical infrastructures, which are, as the fukushima crisis starkly revealed, crucial to spatial and regional development. 2008: 1781) . although assessments and indicators cannot capture all of these complexities, they provide a preliminary method to systematize some of the key aspects that constitute complex interactions, for example with regard to technical and staff redundancies. although residual risks from the cascading effects of unforeseen failures cannot be solved by indicators, the vulnerability assessment of critical infrastructures can help to systematically capture and communicate risks. the fukushima crisis with its interrelated problems resulting from a natural hazard (earthquake and tsunami), a technical failure within the cooling system of a nuclear power-plant and the constraints of the crisis management processes thereafter, is emblematic of the fact that even so called modern societies are vulnerable to natural hazards due to their development process. for example after the crisis, the street lights in tokyo had to be shut down due to energy shortages with the consequence that a major infrastructure (road systems) did not work properly in the urban agglomeration of tokyo. a crisis of this magnitude has yet to occur in germany. nonetheless, the severe damages and failures of critical infrastructures during the elbe flooding in 2002, with damages to infrastructures (municipally-owned and federal) amounting to 50 % of the overall damage caused and accounting for almost 5 billion euros, revealed the importance of these infrastructures as well as their vulnerability (Mechler/Weichselgartner 2003: 18 f.) .
the increased dependency of modern societies on critical infrastructures, and their rising potential for disruption (e.g. as a result of natural hazards), has also triggered a wider concern for how to improve the protection of critical infrastructures. Besides national strategies, the protection of critical infrastructures is increasingly prominent at the eU level. a recent ec directive (2008/114/ec) 12 underlines the importance of critical infrastructures and defines those infrastructures and processes in the area of energy and transport that should be examined and monitored. additionally, the german federal government has identified spatial planning and civil protection as two key policy areas that should consider critical infrastructures and their protection against extreme weather events. the adaptation of spatial structures, including infrastructure systems, has also to be taken into account (Bundesregierung 2008: 44 f.) in order to promote sustainable spatial development. against the background of the strategies outlined before, the following section describes how a vulnerability assessment for critical infrastructures could be carried out at a meso-level in terms of its technical details for flooding.
regarding vulnerability assessments for critical infrastructures, two categories of natural hazards have to be distinguished: sudden onset and slow onset hazards 13 . in terms of sudden onset hazards, this section will outline an assessment method for the example of flooding. for slow onset hazards, a more general overview of assessment methods is given and the special role that complexity plays in this context is underscored.
With the increasing importance of critical infrastructures, several approaches have been developed to concep-tools for resilience Building and adaptive spatial governance tualise critical infrastructures and their vulnerabilities (see, amongst others, rinaldi/Peerenboom /Kelly 2001; irgc 2006; hellström 2007; lauwe/riegel 2008; Kröger 2008; lenz 2009 ). however, most approaches remain either very general or focus on one specific detail, and do not provide a systemic overview of the overall vulnerability of a system, its components and processes. rinaldi/Peerenboom/Kelly (2001), for example, describe the complexity of infrastructure systems by categorising, inter alia, types of interdependencies or coupling and response behaviour. in contrast, hellström (2007) analyses root causes, dynamic pressures and unsafe conditions by adapting Wisner /Blaikie/cannon et al. (2004) . although qualitative analysis in the field of vulnerability assessments of critical infrastructures represents an important step forward, quantitative approaches that could facilitate comparative or progress assessments are generally still neglected.
in order to quantify the vulnerability of critical infrastructures, an assessment framework (see fig. 4 ) for flooding was developed by Krings (2010) , following the vulnerability concept consisting of exposure, susceptibility and coping capacity. Krings developed a semi-quantitative method, since quantitative data was not sufficiently available or accessible, due to the fact that most of the information rests within private companies who run such critical infrastructures. Moreover, the semi-quantitative approach avoids a false sense of preciseness, since some of the key challenges cannot be sufficiently expressed in quantitative terms alone. it thus takes into account those effects of complexity that cannot be fully assessed in quantitative terms. the semi-quan-titative assessment is instead supported by questionnaires that capture core factors of vulnerability such as exposure, susceptibility and coping capacity using proxies. in a first step, "exposure" to floods was assessed by using a specific flood scenario, e.g. the hQ-100 or hQ extreme (hQ-500 for cologne). this scenario was combined with a gis map of critical infrastructure components (and respective processes that are processed by these components) to assess those components potentially exposed to floods. the exposed components might experience disruptions or even stop functioning as a result of inundation. in order to derive information on the concrete effect of an inundation on the component, expert interviews were conducted. these expert interviews allowed for an evaluation of the potential for failure and thus the susceptibility of the respective component.
the coping capacity of the critical infrastructure was then assessed by focusing on technical redundancy as well as organisational and institutional preparedness and redundancy within the system. While technical redundancy refers to whether another component would be able to replace the susceptible component, organisational and institutional preparedness focuses on the question as to whether personnel would be available to manage such shifts and to undertake the changes necessary in a situation of crisis (Krings 2010: 25 ff.) .
following these steps, each process (in relation to the electricity supply example) can be classified in terms of the exposure of the sub-components involved, the susceptibility of the components and the coping capacity (assessed in terms of technical redundancy and organisational prepared- 
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ness which allows for the classification of a specific level of vulnerability). for example, when a component or process was not exposed in the flood scenario it was automatically classified as not vulnerable to the flood as such. compared to that, a system component that was exposed, susceptible, and had a low coping capacity was judged to be very vulnerable using an ordinal classification scale (see figs. 4 and 5 14 ). the analysis of the vulnerability of the overall system by looking step by step at individual components and processes, allowed for an integrated analysis that can also inform respective protection and adaptation strategies. such strategies can encompass the relocation of important infrastructure components or modification of the network to better contain the cascading effects at a local scale. the adoption of protection measures such as the shift of local distribution stations to higher ground has been one strategy implemented since the major flood events on rhine and elbe in germany. in particular, the relocation of different key components of such critical infrastructure networks or the conservation of redundant structures has an important spatial dimension that needs to be considered more effectively in spatial and urban planning in the future. aspects of decentralisation and the further integration of renewable energies, with their respective challenges for the security of a system, are of high relevance here.
Overall, the framework developed is a first step in systematically assessing the vulnerability of critical 14 each process is classified according to the component with the highest vulnerability. Whereas the components of power generation and control centres are not exposed, transmission from maximum voltage to high voltage is exposed, but would continue working when flooded due to flood protection measures. two of the four transformer (from high to medium voltage) stations are susceptible to flooding but redundant (class iii). Most of the distribution grid stations are susceptible to flooding but not redundant and are therefore classified in the highest vulnerability class (V).
infrastructures and power supply-in particular to flood hazards-through the application of a semi-quantitative approach. While the identification of exposure in critical infrastructures is relatively easy to perform in terms of sudden onset hazards such as river flooding or flash floods, it is much more complex to assess the vulnerability of critical infrastructures to slow onset hazards such as heat waves. although slow onset hazards affect vast areas (exposure), they do not often physically destroy the components of critical infrastructures. an assessment of functional chains and qualitative assessments is required in order to understand their vulnerabilities. for example, in terms of heat stress, in 2003 almost all of Western europe was affected by the heat wave (Bfg 2006: 15) . the heat wave in combination with low water levels in larger river systems caused a series of conflicts between the need to use the remaining water in the rivers for cooling processes of power plants and the need to maintain the balance of the already stressed water river system (protection of the ecological functions of rivers). nuclear and coal-based power stations need about 50 l of fresh water for rod cooling to produce one kilowatt hour of electricity (lönker 2003: 23) . Due to the need to also consider the ecological functions in large river systems, and their survival during the heat wave, several power plants along large rivers in germany had to reduce their energy production. in some cases nuclear and coal-based power plants had a reduced energy production of between − 15 % and − 100 % during the heat wave in 2003 (Bfg 2006: 185) . at the same time people began using additional technical devices, such as air-conditioning, which actually increased the demand for energy during this period (Bfg 2006: 184) . consequently, the tension between reduced energy production and the increasing demand during a heat wave can lead to larger forms of stress and dysfunction within energy supply systems. furthermore, many coal-based power plants rely on coal supplied by ship. accordingly, in times of low tide these logistical linkages might also not function well (Bag 2003: 27) . hence, future assessments of the appropriate locations for such power plants (as one example) need to go beyond the analysis of the direct environmental impacts of the power plant on the environment. rather than just focusing on the environmental impacts of the construction of such power plants, the questions of whether and how different environmental conditions in the light of climate change (including low water levels) might influence the operation of energy generation and thus shape the set-up of power supply.
as such, new and additional criteria that go beyond the existing framework for assessing the effects and vulnerability of critical infrastructures to slow-onset hazards are required. although there is a large body of literature on governance in spatial planning, here the notion of "adaptive spatial governance" is utilised to challenge the view that adaptation in spatial planning rests largely on the adjustment of physical structures. the concept of adaptive governance described in this section outlines selected challenges and key dimensions of adaptive spatial governance. these have, at least implicitly, been mentioned already, but are further detailed here e.g. challenges with regard to scale or knowledge (see fig. 6 ) that need to be addressed in order to enhance spatial planning towards adaptive spatial planning. the outlook therefore addresses challenges that go beyond traditional norms and legal-planning regulations, e.g. with regard to future scenarios of vulnerability. Beside the 'normative dimension' of adaptive spatial governance, the information and data used in planning decision making is also revisited and critically discussed (knowledge dimension), for example with regard to the limited future oriented use of scenarios of vulnerability. While most legal planning decisions are based on thresholds and clear cut-off values, for example in terms of noise protection or air pollution, the issue of climate change requires a different focus. in this regard, the case studies presented here emphasise the point that risks and vulnerabilities are often socially constructed. accordingly, local or regional specific assessments should be used as a basis for planning instead of generic values. spatial planning decisions, it can be stated, are of most relevance to the long-term. consequently, methods also need to be improved in terms of the development of scenarios for different development pathways. furthermore, the criteria and indicators selected and presented show that societies and planning authorities can influence the further development of different trends and thus vulnerability patterns.
Processes and components of power supply in town B
the systematic improvement and application of scenarios is a vital tool for resilience building since it allows for the juxtaposition of different development ideas with certain strategies and guiding visions already established. the exposure of people and critical infrastructures to floods, heat waves, and flash floods will definitely change due to the modification of hazard patterns influenced by climatic change. at the same time, however, demographic change, changes concerning the access to information via new technologies such as the internet or smart phones, will also alter the susceptibility and coping capacity of people. furthermore, contrasting trends such as a further centralisation of critical infrastructures or, on the opposite extreme, a strong decentralisation, will have a severe impact on the susceptibility and coping capacity of these systems in the future. for example, a future scenario in the energy sector could imply that regions will deal with a further increase of renewable energies and the decentralisation of systems at the same time, which could reduce the vulnerability of critical infrastructures (sperling/hvelplund/Mathiesen 2011: 1340). however, in contrast, another scenario might be that due to the increased incorporation of renewable energies such as wind energy, the tensions within the system might increase and lead to failure and breakdowns of energy supply more often.
Overall, the consideration of different (future) scenarios of vulnerability in terms of societal development as well as the development of critical infrastructures needs to be improved. this can be supported through spatial and urban planning processes, particularly if approaches go beyond conventional deterministic planning approaches. in this regard, resilience building requires, alongside climate change scenarios, the further enhancement of societal development scenarios that complement and enhance the assessment of vulnerability.
at the global level, a new generation of scenarios for the intergovernmental Panel on climate change is currently in development. this will outline scenarios that informlike the old scenarios-mitigation policies, but will also include scenarios designed to inform adaptation policies. Particularly for the latter, closer monitoring of the type of urbanisation processes, the trends in demography and the trends in integrated governance are key issues to consider. it is necessary to move spatial planning away from the static and deterministic consideration of certain thresholds such as the flood hQ-100 lines. an improved consideration and development of different future scenarios in social vulnerability and the vulnerability of critical infrastructure would be an important innovation and means of enhancing the resilience of regions and cities in the light of climate and societal change.
in this context, adaptive spatial governance needs to address challenges related to spatial and temporal scales of Fig. 6 challenges for adaptive spatial governance different phenomena but also functional scale mismatches -acknowledge the different functional regimes natural and social systems operate with. clearly, some of the scenarios have a time span that goes far beyond traditional considerations in urban and regional planning documents. in addition to the challenges linked to scales, the access to information also has to be improved. here vulnerability assessments and scenarios should become part of the spatial monitoring and information system. further, challenges and constraints of the normative systems used in spatial planning and civil protection need to be revisited. While most of the assessments used today such as environmental impact assessment mainly consider specific thresholds of sectoral laws, resilience building requires a stronger emphasis on processes and the integration of different scenarios or cascading effects that go beyond the scope of an individual project or plan.
lastly, the knowledge dimension is crucial. Particularly in the context of critical infrastructure most information is gathered by private companies that are-as the fukushima case showed-not always willing and in the position to make such information available to the general public in crisis situations. hence, adaptive spatial governance needs to establish a new mechanism whereby these different types and sources of knowledge can be brought together and conflicts between different types of knowledge moderated. figure 6 illustrates some of the key challenges of adaptive spatial governance, without aiming to be comprehensive. in summary, the paper has highlighted the need to improve tools and measures for resilience building, to go beyond deterministic approaches and a static understanding of risk and acknowledge that vulnerability and risks are, in fundamental ways, socially determined and therefore also dynamic. these dynamics and different future development pathways have to be recognised and systematically incorporated into future planning processes. the above-mentioned examples of social vulnerability and critical infrastructure vulnerability have clearly illustrated these needs, while preliminary means of dealing with these challenges have been presented.
